ABSTRACT PURPOSE This study evaluated the cost-effectiveness of an automated telephone self-management support with nurse care management (ATSM) intervention for patients with type 2 diabetes, which was tested among patients receiving primary care in publicly funded (safety net) clinics, focusing on non-English speakers.
INTRODUCTION

I
n the United States, costs associated with chronic illness care account for nearly 75% of medical expenditures. 1 Type 2 diabetes, which affects more than 20 million individuals in this country alone, is associated with substantial morbidity and cost. Although organ damage related to diabetes is well recognized, diabetes also causes functional decline, depression, pain, and lost productivity. [2] [3] [4] [5] The estimated direct and indirect societal and health system costs attributable to diabetes totaled approximately $132 billion in 2002, with costs expected to rise to $156 billion by 2010. [6] [7] [8] In recent reviews of the cost-effectiveness of interventions for preventing or treating diabetes in developed countries, the majority of studies focus either on screening for diabetes or on treatment to avert complications, emphasizing medication-sensitive outcomes with long-term benefits. 2, 8, 9 There are still many gaps in our knowledge regarding strategies aimed at improving diabetes outcomes, including whom they most benefit and at what costs. These gaps are especially pronounced with regard to understanding the impact of self-management support programs on functional outcomes, 9 which represent an increasingly important component of the nonmortality burden associated with diabetes and diabetes-related comorbidities. 10 In addition, few studies include individuals from racial and ethnic minorities and of lower socioeconomic status-populations disproportionately affected by diabetes. Finally, because self-management support interventions are increasingly being implemented using population-based health communication strategies, such as those using telephone or computer-assisted outreach with or without nurse care manangement, 11 it is important to measure the value of these programs from a public health perspective with respect to desired changes in health behaviors.
We undertook a cost-related study of a health communication-based intervention that uses health information technology to support patients with type 2 diabetes in their self-management. Specifically, we compared the cost utility of automated telephone self-management support plus nurse care management (ATSM) with that of usual care among diverse patients with diabetes enrolled in a randomized trial. This trial demonstrated 1-year improvements in health behaviors and functional outcomes with ATSM relative to usual care, 12, 13 including health-related quality of life measures. The trial did not, however, demonstrate differences in metabolic outcomes (hemoglobin A 1c [HbA 1c ], blood pressure) or use of services (such as emergency services).
In this new analysis, we sought to answer the following cost-related research questions:
1. What is the cost utility of ATSM relative to usual care? We addressed this question by examining quality-adjusted life-years (QALYs) calculated from participant responses to the health status measure of the 12-Item Short Form Health Survey (SF-12).
2. What is the cost-effectiveness of ATSM with respect to meeting diabetes-specific public health goals? We addressed this question by estimating the costs of achieving a 10% increase in the proportion of individuals meeting public health goals consistent with Healthy People 2010 objectives regarding exercise, 14 and getting amounts of exercise recommended by the American Diabetes Association for patients with diabetes. 15, 16 
METHODS
Trial Overview
We conducted a randomized controlled trial of selfmanagement support among diverse patients with diabetes in a safety net system that is part of a practice-based research network in the San Francisco Bay Area (the UCSF Collaborative Research Network). The IDEALL trial (Improving Diabetes Efforts Across Language and Literacy) has been previously described. 12, 13, 17 In brief, 339 English-, Spanish-, and Cantonese-speaking primary care patients with diabetes in 4 safety net clinics from the San Francisco Department of Public Health's integrated delivery system (Community Health Network) were randomized to receive ATSM, group medical visits, or usual care for 9 months. The interventions were developed as adjuncts to usual care. Study variables were measured at baseline and 12 months, and focused on features of the Chronic Care Model, including structures and processes of care; behavioral outcomes (diabetes selfmanagement, exercise, and diet); metabolic outcomes (HbA 1c levels); and functional outcomes (number of bed-days and general health status as assessed with the SF-12). This last measure, the SF-12, is a multidimensional generic measure of patient-reported health status. 18 The cost analysis reported here compared ATSM with usual care and did not include data from the group medical visits arm because this form of diabetes self-management was not associated with any improvements in functional status relative to usual care.
ATSM Support
ATSM uses interactive telephone technology to provide surveillance and patient education and, when combined with nurse care management in the form of one-on-one telephone counseling, has been demonstrated to improve satisfaction and functional status among patients with diabetes. 19, 20 ATSM is increasingly considered by health systems, including managed care health plans, 21 to be a promising health information technology; of note, it can be tailored to a range of language and literacy levels, can provide health education, and can promote continuity of care without requiring patient travel or appointments. These features make ATSM particularly well suited for vulnerable populations who may have limited language and literacy skills and who may have comorbidities and other barriers to accessing health care that limit opportunities to obtain self-management support. 13 
Trial Participants
We identified trial participants by using a populationbased recruitment strategy and a diabetes registry developed for the Community Health Network. To be eligible, patients had to have the following characteristics: age older than 17 years, International Classification of Diseases Ninth Revision (ICD-9) codes consistent with type 2 diabetes, speaker of 1 of the 3 most common languages in the clinic system (English, Spanish, or Cantonese), at least 1 primary care visit in the preceding 12 months, at least 1 recorded HbA 1c value, and no psychotic illness or end-stage renal disease. Additionally, patients were required to have suboptimal glycemic control (HbA 1c values ≥8.0%). We recruited patients between June 2003 and December 2004. The trial was approved by the University of California, San Francisco, and the Community Health Network Institutional Review Boards.
Quality-Adjusted Life-Years
QALYs are a measure of health outcome that integrates quality and quantity of life into a common metric that reflects patient preferences and facilitates comparison across health conditions and interventions. QALYs are measured on a scale that ranges from 0 to 1, where 0 corresponds to death and 1 corresponds to perfect health. 8, 22 In cost-utility analyses, costs are expressed in monetary units, but health benefits are expressed in QALYs. QALYs are increasingly used to measure the effectiveness of diabetes interventions. 2, 8 In this study, we focused on QALYs gained or lost over a 1-year period.
We calculated QALYs from SF-12 responses using established conversion procedures described by Brazier and Roberts 23 that have been validated in other populations. 10, 24 That study provides model-based coefficients derived from standard gamble ratings of health states among a representative sample of UK residents. These coefficients are applied to individual SF-12 responses to calculate QALYs. For each participant, we calculated QALYs using baseline and 12-month SF-12 responses, and then computed the difference between the 2 values.
Cost Measurements
In this cost analysis, we used a health systems/program perspective, focusing on direct implementation costs. [25] [26] [27] We calculated costs for ATSM only, as there were no additional costs associated with usual care (ATSM was an adjunct to this care), and because use of health care services did not differ between the 2 groups. Intervention costs included nurse care manager training; development of ATSM messages; translation and recording of messages in 3 languages; programming setup costs for ATSM; patient recruitment and follow-up time; fixed monthly ATSM maintenance; costs associated with outgoing weekly ATSM calls; and direct nurse telephone care management with patients. These costs were divided into start-up costs (eg, costs associated with setting up ATSM, staff training, and personnel time for developing messages and protocols) and ongoing implementation costs (eg, cost of the active nurse care management activities, patient recruitment and retention, and monthly ATSM service costs).
There were no transportation costs for ATSM. We did not include indirect costs of patient time, because the small amount of time (approximately 5 minutes) spent answering the weekly automated calls was unlikely to burden patients, and the time spent talking with the nurse care manager was perceived as a direct patient benefit. A 29% institutional overhead charge was applied to personnel costs associated with ongoing ATSM. 28 Because personnel and system costs did not change over the study period, we did not make any adjustments for inflation. Data sources included personnel income records, administrative databases, and charge-related reports from the ATSM system provider (Prosodie Inc, Calgary, Canada).
Cost-Utility Analysis
The cost-utility ratio indicates the cost to save 1 QALY relative to other interventions or care aimed at treating or preventing the same disease. 8, 29 The numerator in the cost-utility ratio is the monetary cost of the ATSM intervention minus the monetary benefits. The denominator is the QALY gained by the intervention relative to the comparator (usual care). Combining the data on the difference in QALYs between the 2 study arms and the cost data, we estimated the cost associated with achieving an increase of 1 QALY in SF-12 score with ATSM, using the following equation:
Cost-utility ratio = (cost of ATSM)/(QALY for ATSM -QALY for usual care)
To help health system planners interpret the results, we also calculated the cost per QALY using start-up and ongoing costs combined (Model A) and using just the ongoing costs (Model B).
In addition, we performed a sensitivity analysis by examining the effects of a 10% variation in the QALY estimate in both directions (a 10% increase and a 10% decrease).
Costs Associated With Increased Guideline Achievement
We calculated the per-patient costs associated with achieving a 10% increase with ATSM relative to usual care in the proportion of patients achieving minimum standards for moderate or vigorous physical activity or exercise over the study period. A 10% increase was selected as a meaningful population health outcome as it is consistent with Healthy People 2010 Physical Activity and Fitness Objectives 22-2 to 22-6, which advocate for 10% to 15% increases relative to baseline levels. 14 We used American Diabetes Association guidelines 15, 16 to obtain definitions of exercise most relevant to our trial population.
Based on these guidelines, we converted patient reports for physical activity duration (minutes) and frequency (times per week) into an estimate of the number of episodes per week of moderate or vigorous physical activity. We then estimated the proportion of patients who achieved 5 weekly episodes of 30 minutes or more duration. We then determined the increase in the proportion of ATSM patients who achieved these guidelines, relative to usual care; and using the costs of ATSM discussed above (Model A and Model B), we calculated the per-patient costs associated with achieving the 10% increase recommended by Healthy People 2010. Trial results demonstrated a 14% increase over the study period in the proportion of participants in the ATSM group who achieved minimum standards for vigorous physical activity or exercise relative to their usual care counterparts.
RESULTS
There were 112 patients in the ATSM group and 114 patients in the usual care group. Fully 90% of patients had 12-month follow-up, with no difference between arms. None of the patient characteristics assessed differed significantly between the ATSM and the usual care groups (Table 1) .
On an annual basis, the per-patient start-up costs for the ATSM intervention were $394, and the ongoing costs were $388 ( Table 2 ). The total cost of this intervention per patient was therefore $782.
The ATSM intervention was associated with a gain of 0.012 QALYs relative to usual care. For Model A (both start-up and ongoing costs), using the total Using the total per-patient ATSM cost of $782 (start-up plus ongoing costs), the public health objective of a 10% increase in the proportion of patients achieving moderate or vigorous physical activity or exercise standards was accomplished at a cost of $558 per patient. Using ongoing costs alone, that cost was $277 per patient.
DISCUSSION
We are not aware of any other study that has examined the cost-effectiveness of a diabetes self-management support intervention that uses health communication technology to reach and engage a vulnerable population. We report a spectrum of cost-utility values for ATSM ranging from $65,167 per QALY gained when including all program costs to $32,333 per QALY gained when including only ongoing costs. Although there is no universally accepted threshold of a cost per QALY to determine whether an intervention should be adopted, 22, 24 these values fall well within the range reported for accepted diabetes interventions related to medication intensification, such as cholesterol control (eg, $63,200 per QALY gained) and intensive glucose control (eg, $35,300 per QALY gained) 8 ; diabetes case management ($44,941 per QALY gained) 30 ; and other commonly funded interventions that also use a health system/program perspective. 31, 32 A recent report compared algorithms for cost-utility analyses based on the SF-12 using data from studies conducted in several countries. 24 This report indicates that the method of Brazier and Roberts 23 that we used for converting the SF-12 values has a strong methodologic basis but tends to generate relatively higher cost-utility ratios than some other algorithms, suggesting that results derived with this method may be conservative. It is encouraging that we also observed associated public healthrelated gains regarding exercise with ATSM, particularly in this relatively young population (mean age, 56 years), especially given recent reports indicating that aerobic training, resistance training, or both improve glycemic control among patients with diabetes. 33 It is important to note that the costs of ATSM incurred in the context of a randomized trial do not reflect full-scale implementation costs, which would lead to lower per-patient costs than reported here. Notably, in the trial, the fixed monthly maintenance service fee was distributed across a relatively small number of patients (about 100), whereas with full-scale implementation, this cost would be distributed across a much larger patient population. For example, we found a per-patient cost of $782 for the combined start-up and ongoing implementation costs of ATSM with nurse care management. If these costs were distributed across the eligible diabetic patients in the clinic system from whom the trial sample was drawn (>2,200 patients) 13 and estimated for ongoing costs only, the annual per-patient cost drops to slightly more than $300 per patient. This amount translates into a roughly 25% decrease in the ongoing costs we estimated for the 112 ATSM patients. Currently, an initiative in the San Francisco County Medicaid health plan is enrolling hundreds of eligible members with diabetes in an ATSM program, and the per-patient costs are anticipated to be considerably lower than those in the IDEALL trial. The estimated gain of 0.012 QALY with ATSM relative to usual care falls above the threshold for minimally important differences recently described in a review of health state utility measures (0.011-0.097 QALY). 34 Interpreting the value of such a gain relative to its cost is difficult; future studies should also model longer-term cost-effectiveness of increases in physical activity and improvements in functional status indicators among patients with diabetes.
Our study has several limitations. First, our calculation of the cost of ATSM relative to usual care included all quantifiable program costs, but did not include other costs related to health care use; however, because health care use did not differ between the 2 trial arms, we believe these costs are likely to cancel each other out. Second, we did not have detailed data for analyses using a societal perspective, such as caretaker costs or work productivity. Because the IDEALL trial was designed as a "practical clinical trial," 17 we used the perspective of the publicly funded health systems that would be considering implementing similar programs as the most practical and relevant first step for providing information for decisions at the local level. Because our trial also found a significant reduction in days spent in bed because of illness, 12 however, we believe that an analysis that included a societal perspective likely would have yielded considerable cost-effectiveness due to savings related to avoided caretaker costs to greater work productivity. Third, although we used an established method to convert SF-12 responses to QALYs, it is unknown whether conventionally calculated QALY utility scores among our ethnically and linguistically diverse sample would have differed from the derived QALYs that we used. Fourth, our main outcome measures were obtained via patient report, and although the SF-12 has been shown to be a valid and reliable indicator of functional status and a robust predictor of functional decline, these measures may have been subject to recall or social desirability bias. That such gains in patient-reported outcomes were not observed in the other intervention arm (group medical visits) makes these forms of bias much less likely in our analysis. Finally, although this trial is one of the first to involve socioeconomically vulnerable patients in a safety net system, the population and the setting may limit the generalizability of our findings.
We believe our cost findings are particularly relevant in the current environment in which health communication programs can harness diabetes registry data to implement population-level interventions for chronic care, 35 and in light of increasing demand for information on the costs and benefits of new health care technologies in primary care settings. 36 The association of ATSM with meaningful QALY improvements related to functional status and the achievement of public health objectives at modest cost suggest there may be benefits associated with widespread implementation and dissemination of ATSM-based programs in reducing diabetes-related health disparities among vulnerable populations.
